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Bayesian machinery
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Theory / Model

Physics
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Bayes Theorem

Data

Likelihood + Prior

Posterior
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Prior on the EOS

● Chiral effective theory below 1.5 nsat

● Speed-of-sound extrapolation (CSE) 

afterwards

● EOS with first-order phase transitions 

(i.e., segment with cs = 0) are added
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Radio pulsars
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GW170817 reamant

● GW170817 results in a black hole

● Numerical-relativity motivated fitting

● Upper bound on the maximum mass

● c.f. Rezzolla’s talk on Tuesday
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Maximum Neutron Star mass
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Maximum Neutron Star mass
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X-ray pulsar with NICER
(The Neutron Star Interior Composition Explorer Mission)

Miller et al. ApJ. Lett. 887, L24 (2019), Riley et al. ApJ. Lett. 887, L21 (2019), Miller et al. ApJ. Lett. 918, L28 (2021), Riley et al. 
ApJ. Lett. 918, L27 (2021)
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Gravitational waves
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Gravitational waves

● 15 source parameters + 1 EOS

● 20 * number of detector => 

calibration parameters

● Markov chain Monte Carlo / Nested 

sampling used for high-dimensional 

exploration
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Gravitational waves
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Kilonovae



Heavy-ion collisions
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Symmetric matter Asymmetric matter
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SensitivityEOS functional
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Combing information
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Nuclear theory Nuclear experiment

Equation-of-state Microscopic parameters
E.g. symmetry energy    

Astrophysics

Macroscopic parameters
E.g. mass, radius

Joint constraint
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Result
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Prior (CEFT) Astro+CEFT HIC+CEFT Combined



What is the next step?

26



What is the next step?
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Nuclear theory

Nuclear experiments Astrophysical modelling

Joint analysis
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28

Joint analysis
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Nuclear Physics and Multi-messenger Astrophysics

github.com/nuclear-multimessenger-astronomy/nmma
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● Simultaneously analyzing GW, kilonova and 
GRB afterglow

● Fully capture the correlation between 
parameters

● HPC facilities needed
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Pang et al. arxiv: 2205.08513 
(accepted by Nature 
communication)
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Application: GRB211211A (Kunert et al. arxiv:2301.02049)
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Application: GRB211211A (Kunert et al. arxiv:2301.02049)
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Application: GW190814 (Tews et al. ApJL 908(2021) 1, L1)

● If GW170817 produced a BH: 
○ GW190814 is a BBH with 

> 99.9%

● relaxing this assumption:
○ GW190814 is a BBH with 

~ 83%
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Application: GW190814 (Tews et al. ApJL 908(2021) 1, L1)
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Multimessenger constraint on quarkyonic model
(Pang et al. arxiv:2308.15067)



What is the next step?

37



What is the next step?
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Nuclear theory Nuclear experiments Astrophysical modelling
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WE NEED YOU!!

How to reliably improve the 
interdisciplinary / multi-messenger 
study on supranuclear matter? 
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X-ray / radio pulsar



Gravitational-waves
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Combing information
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Result
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Density Astro-only HIC-only Combined



Result
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Mass Astro-only HIC-only Combined


